Lost circulation is one of the drilling operational problems. It refers to the total or partial loss of drilling fluid into highly permeable zones or natural or induced fractures. This problem is likely to occur when the hydrostatic head pressure of drilling fluid in the hole exceeds the formation pressure. Today, managing lost circulation remains a significant challenge to oilwell drilling operations because it may contribute to high non-productive time. It is imperative to note that the overbalance pressure situation also can cause the invasion of mud filtrate into production zones which will result in formation damage. To address these problems, an experimental investigation has been done on durian rind as an alternative fluid loss and lost circulation materials in water-based mud. Durian rind was selected as a mud loss control material because it contains close to 20% pectin which may complement the formation of high quality mat-like bridges across openings of the formation. The test involved the use of standard mud testing equipment and a lost circulation test cell. Durian rind powder was prepared by cleaning and cutting the durian rind into small pieces of 1 to 2 cm, and then dried them in an oven at 60°C for 48 hours before grinding into five different sizes from coarse to ultra-fine while Hydro-plug, the commercial lost circulation material was supplied by Scomi Energy. The fluid loss test was conducted using a standard low pressure filter press while the bridging test was carried out at 100 psi of pressure difference and ambient temperature using a lost circulation cell. Fine durian in the waterbased mud gave the best fluid loss control compared to coarse durian rind, fine and coarse Hydro-plug. The experimental results also showed that at 15 lb/bbl (42.8 kg/m 3 ) optimum concentration, coarse and intermediate durian rind have outperformed Hydro-plug by showing an excellent control of mud losses in 1 and 2 mm simulated fractures.
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INTRODUCTION
Lost circulation is one of the serious drilling operational problems and in fact is often called the number one problem in drilling. It refers to the reduction in the rate of mud returns from a well compared to the rate at which the mud is pumped into the hole during a drilling operation or in extreme condition the entire volume of drilling mud can be lost into the formation [1] . In oil and gas industry, lost circulation is one of the biggest contributors to drilling non-productive time, which costs the industry around US$800 million per year [2] . One of the notable methods to overcome the lost circulation problem is by spotting the lost circulation material (LCM) into the porous or fractured formation which can be natural or artificially induced. But the use of lost circulation materials, which are available in international market in the form of granular, flake, fibrous, or blended, may not be able to seal effectively the fractures in some cases while in other cases may induce formation damage to the porous formation due to plugging of production zones [3, 4] . This problem can be remedied using a relatively expensive imported lost circulation material. Therefore, this paper discusses the potential of durian rind, a fibrous and water-wet waste material, as a bridging material to overcome lost circulation problem facing the drilling operations. The potential of durian rind was also explored in the form of controlling fluid loss which may occur during drilling, cementing, and completion jobs. In drilling a hole, fluid loss to the formation occurs when hydrostatic pressure of the drilling fluid in the hole exceeds the formation pressure. The invasion of mud filtrate and mud solid particles into the porous formation may lead to formation damage [5] .
Durian (Duriozibethinus L.) -a member in the Bombaceae family -is well-known as the King of Tropical Fruits in Southeast Asia especially in Malaysia [6] . The statistical crop data from the Malaysia Ministry of Agriculture and Agro-Based Industry showed that the production of this fruit in Malaysia in 2013 was about 320 164 metric ton. The production of durian in 2013 was in fact about 20 000 metric ton higher than in 2012. For one durian fruit, 50-65 percent comprises creamy yellow flesh which is consumed as foods while the rest (45 to 55 percent) is described as waste includes seed and skin [6] . According to Manshor et al. [7] , 1 kg of durian skin waste approximately can generate 400 g of durian rind fiber.
The fibrous nature of durian rind, which contains 18.6% of pectin and 73.5% of cellulose (and further divided into -cellulose and hemi-cellulose) [6] , is able to form a mat-like bridge over porous formation when added to a drilling fluid and pumped into hole. This mat-like bridge phenomenon can reduce the size of the openings of the formation, permitting the colloidal particles in the mud to rapidly deposit a filter cake thus completely sealing the formation that otherwise might require a cement job [4] . Articles in open literature show durian rind has been used in many applications such as biocomposites [7] , environment [8] , and health [9, 10] but it is yet to be exploited as lost circulation or bridging material in water-based mud [11] .
EXPERIMENTAL
The durian rind powder was prepared according to the method suggested in "Sugar Production from Durian (Durio Zibethinus Murray) Peel by Acid Hydrolysis" [12] . The method was initiated by cleaning and cutting the durian rind into small pieces from 1 to 2 cm, and then dried them in an oven at 60°C for 48 hours.
In the following step, dried durian rinds were ground and sieved into five different sizes, namely ultra-fine, fine, medium, intermediate, and coarse size (Table 1) . Those sizes of durian rinds were categorised according to American Petroleum Recommended Practice 13C [13] . The performance of durian rind as lost circulation material in water-based mud was compared with commercial granular lost circulation material, Hydroplug [14] . The basic water-based mud was prepared based on the formulation suggested by Scomi Energy, as shown in Table 2 . The mud density was kept constant at 9.8 ppg (1174 kg/m 3 ) throughout this study. To maintain the weight, barite was added into water-based mud at a desired amount. The API filtration or fluid loss test was carried out to determine its ability as a bridging material in controlling fluid loss and also the optimum concentration of durian rind (to be used in lost circulation experimental work) using a standard filter press. The compositions of durian rind and Hydro-plug (supplied by Scomi Energy) added into water-based mud were 5 lb/bbl (14 kg/m 3 or 1.43% by weight), 10 lb/bbl (25.8 kg/m 3 or 2.86 % by weight), 15 lb/bbl (42.8 kg/m 3 or 4.29% by weight), 20 lb/bbl (57.1 kg/m 3 or 5.71% by weight), and 25 lb/bbl (71 kg/m 3 or 7.14% by weight).
The bridging test was done using a lost circulation test cell at 100 psi differential pressure and ambient temperature of 75°F (24°C). Three different slots of 1 mm, 2 mm, and 3 mm were used in the test cell as simulated fractures. The performance of durian rind and Hydro-plug in their respective water-based mud samples was evaluated at the end of seven minutes testing time where the quantitative evaluation was done according to criteria outlined in Table 3 [11] . The bridging test showed that coarse and intermediate size durian rind powders could excellently control mud losses in 1 mm fracture while medium size durian rind recorded a mere good control status. But fine and ultra-fine sizes durian rind failed to control mud losses in 1 mm fracture ( Figure  5 ). For 2 mm simulated fracture, coarse size durian rind showed an excellent control of mud losses ( Figure  6 ). On the other hand, other sizes of durian rind failed to control mud losses in the said fracture. Figure 7 shows that durian rind of all sizes failed to control mud losses in 3 mm fracture. The results show that coarse durian rind has suitable size particles to form a good mat-like bridge which could reduce the openings of 1 mm and 2 mm simulated fractures. This is followed by rapid deposition of colloidal particles, which were formed by pectin in the durian rind, in the mud on the mat-like bridge and consequently would seal the fractures. The much smaller durian rind particles failed to give any impact because they were too small, even though with the presence of pectin, to form a mat-like bridge and eventually would be driven into the pores of formation and might lead to formation plugging. Figure 8 shows that coarse size Hydro-plug could control fairly mud losses in 1 mm simulated fracture as compared to other sizes which failed to produce the required performance. Figures 9 and 10 show that Hydro-plug of all sizes failed to control mud losses in both 2 and 3 mm simulated fractures. This shows that the granular Hydro plug failed to form a good matlike bridge as compared to durian rind. Generally, the results achieved were in good agreement with the statement made by Abrams [15] who said that lost circulation materials should have an appropriate particles sizing for the fracture openings to be sealed. The medium and coarse durian rind particles which were measured from 0.25 mm to slightly greater than 2 mm satisfied his suggestion saying that the particle size of bridging materials should be equal to or slightly greater than one-third the pore size of the formation. The durian rind was found to have outperformed the Hydro-plug -confirmed the findings of Ismail and co-workers [16] -due to higher friction between the fibrous materials [17] . Coupled with the presence of pectin (pectin is highly hydrophilic in nature and itself is completely soluble in water), it has a tendency to hydrate very rapidly, forming clumps [18] ), and subsequently allows durian rind powders to maintain the integrity of the formed seal within the fractures.
CONCLUSIONS
The following conclusions have been framed out accordingly:
(1) Durian rind has the potential to be used as fluid loss and lost circulation materials in water-based mud due to the presence of pectin and higher friction between the fibrous materials. (2) Water-based mud with fine durian rind produced lower fluid loss, i.e., 4.1 ml at the end of 30 minutes, compared to coarse durian rind and Hydro-plug, and fine Hydro-plug. 
